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FOREWORD 


This  report  describes  quantitative  analytical  techniques  that  can  be  used  for 
several  thermally  stable  explosives  (e.g.  TATB,  HNS,  ONT,  NONA,  DODECA,  TNN,  PYX, 
TPT,  etc.)  and  related  compounds,  This  work  Is  currently  being  sponsored  by  the 
Lyndon  B.  Johnson  Manned  Spacecraft  Center,  Task  NASAR12RB,  and  the  Strategic 
Systems  Projects  Office,  Task  B0003SB001,  R12GC.  The  Identification  of  vendors 
and/or  products  Implies  neither  endorsement  nor  criticism  by  the  Naval  Surface 
Weapons  Center. 


o.  F,  PROCTOR 
By  direction 


|Accpsnl.oti  For  /  \ 

NTT  3 

me 

ON  AM 
T\B 

V 

□ 

UnrumomvMid 

□ 

Junt  i 

fixation . . .  .J 

Hy  . 

Dlstr 

l  but.  Ion/ 

j  Avnil/iMlity  Codea 

Diiit 

AvuJl  and/or  1 

llpuoinl  I 

& 

1/11 


NSWC  TR  81-123 


A 

CONTENTS 

« 

Page 

INTRODUCTION  .  1 

EXPERIMENTAL  .  3 

MATERIALS  AND  SOLUTIONS .  3 

CALCULATIONS  .  3 

HPLC  CONDITIONS .  3 

NMR  CONDITIONS .  3 

TLC  CONDITIONS .  4 

RESULTS  AND  DISCUSSION . 4 

ILLUSTRATIONS 

Figure  Page 

1  HPLC  CHROMATOGRAM  OF  A  14  COMPONENT  MIXTURE  .  5 

2  HPLC  CHROMATOGRAM  OF  A  FOUR  COMPONENT  MIXTURE  .  6 

TABLES 

Table  Page 

1  HPLC  DATA  OF  EXPLOSIVE  COMPOUNDS .  7 

2  HPL"  DATA  OF  EXPLOSIVE  COMPOUNDS .  8 

3  HPLC  DATA  OF  EXPLOSIVE  COMPOUNDS .  9 

4  Ha-NMR  DATA  OF  EXPLOSIVE  COMPOUNDS .  10 

,  5  TLC  DATA  OF  EXPLOSIVE  COMPOUNDS .  11 

6  MELTING  POINT  DATA  OF  EXPLOSIVE  COMPOUNDS  .  12 

ill/lv 


NSWC  TR  81-123 


INTRODUCTION 


The  importance  of  heat  resistant  and  Insensitive  high  explosive  compounds  is 
increasing,  since  new  weapons  warheads  are  being  sought  that  can  withstand  a 
higher  degree  of  aerodynamic  heating  and  that  have  a  lower  vulnerability  to 
accidental  initiation.  A  series  of  high  temperature  resistant  explosives,  most 
of  which  were  first  prepared  or  evaluated  at  NSWC,  are  shown  in  the  glossary. 

Typical  examples  are:  TATB,  PYX,  ONT,  DATB,  HNS,  NONA,  DODECA,  AND  TPT.  Relatively 
few  of  the  presently  used  common  explosive  materials  can  withstand  temperatures 
above  200°C  without  melting  and/or  decomposition,  whereas  the  compounds  of  this 
investigation  are  stable  and  can  be  used  In  the  temperature  range  of  230°-350°C. 

In  the  past,  there  has  not  been  any  single  chemical  analysis  method  for  all 
of  these  relatively  Insoluble  heat-resistant  explosives.  However,  this  report 
describes  a  practical  high  performance  liquid  chromatographic  (HPLC)  analysis 
procedure  that  provides  good  accuracy  and  reproducibility.  Additional  Information 
Is  provided  on  the  chemical  characterization  of  these  explosive  compounds  by 
nuclear  magnetic  resonance  spectroscopy  (NMR)  and  by  thin  layer  chromatography  (TLC). 
The  melting  points  of  all  of  the  materials  are  also  reported. 

The  HPLC  method  described  In  this  report  uses  the  Waters  Associates  Radial 
Compression  Separation  System  (RCSS).  The  RCSS  consists  of  two  components:  a 
radial -Pak  cartridge  containing  reverse  phase  C-18  column  packing  and  a  Model 
RCM-100  module  that  compresses  the  Radlal-Pak  cartridge.  Using  this  system,  a 
quantitative  assay  (±2%)  Is  achieved  for  all  of  the  twenty-four  explosive  compounds 
investigated. 

Previously  reported  assay  methods  for  the  insensitive  high  explosive  TATB 
Include  spectrophotometric  determinations  using  ethyl enedl amine  (EDA)1,  tetraethyl- 
ammonlumhydroxlde  (TEAH)2*3, 


Clover,  D.  J.  and  Kayser,  E.  G.,  Anal .  Chem. .  Vol.  40,  1968,  p.  2050. 

2Saw1ck1,  E.  and  Stanley,  T.  W.,  Analyt.  Chem.  Acta.  Vol.  23,  1960,  p.  551. 

3  Sel 1 g ,  W.,  "Spectrophotometric  Determination  of  Some  Nltro  and  Nltroso 
Derivatives  of  Diphenyl  amine  In  N,N-D1methylformam1de,"  Lawrence  Livermore 
Laboratory  (LLL)  Report,  UCRL-6903,  May  1963. 
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dimethyl  sulfoxide  (DMSO)^.  and  sulfuric  acid®,  as  well  as  a  liquid  chromatography 
spectrophotometrlc  method®,  Spectrophotometrlc  methods  of  analysis!. 7  have  also 
been  reported  for  HNS.  DODECA,  NONA,  ONT,  HNBP,  TNN,  TNB,  HNB1B,  TPT ,  PYX,  and 
DNT  as  well  as  HPLC  procedures8'14  for  HNS,  HNB1B,  TNT,  TNB,  RDX,  HMX,  PA,  TNA, 
DNT  and  TATB. 


4Sel1g,  W.,  "Photometric  Determination  of  l,3,5-Triam1no-2,4,6-Tr1n1trobenzene 
(TATB)  In  Dimethyl  sulfoxide  (DMSO),"  Lawrence  Livermore  Laboratory  Report, 
UCID-17542,  July  1977. 

®Ungnade,  H.  E.,  "l,3,5-Tr1amino-2,4,6-Tr1n1trobenzene  (TATB)  -  Preparation 
and  Purification,". Los  Alamos  National  Laboratory  (LANL)  Report,  GMX-2-R-64-1, 
1963,  pp.  10-11. 

sMacDougall,  C,  S.,  "A  Liquid  Chromatographlc-Spectrophotometrlc  Assay  for 
TATB  In  TATB,"  In  Quarterly  Progress  Report,  Mason  &  Hanger-SIlas  Mason  Co., 
Inc.,  Par.tex  Plant  (MHSMP) ,  MHSMP-77-18,  Jan-Mar  1977. 

^  Kilmer,  E.  E.,  "A  Characterization  Study  of  Several  Heat  Resistant  Explosives," 
NOLTR  74-177  Oct  1974. 

8Kayser,  E.  G.  and  Burllnson,  N.  E.,  "Analysis  of  Water  and  Soil  S,  .iples  from 
'Fate  of  14C  Labelled  Explosive  Compounds  In  Soil  Study,"  Final  Report  from 
the  Naval  Surface  Weapons  Center,  White  Oak,  submitted  to  the  U,S.  Army 
Medical  Bioengineering  R  &  D  Lab.  (USAMBRDL),  Fort  Detrick,  Md.,  MIPR  No.  9952, 
Jan-Dec  1979, 

8  Kayser,  E.  G. ,  "Analysis  of  2,2' ,4,4' ,6,6' -Hexanltrostllbene  (HNS)  by  High 
Performance  Liquid  Chromatography,"  NSWC/WOL  TR  77-154,  14  March  1978. 

K«yser,  E.  G.,  "An  Investigation  of  the  Shipp  Hexanltrostllbene  (HNS)  Process," 
NSWC  TR  80-111,  25  Aug  1980. 

11  ichaffer,  C.  L.,  "HNS  Analysis,"  Mason  &  Hanger-SIlas  Mason  Co.,  Inc.,  Pantex 
Plant,  MHSMP-75-50,  Oct-Dec  1974. 

18  Stanford,  Or.,  T.  B.,  "Determination  of  Tetryl  and 

and  3,5-Dlnltrotoluene  Using  High  Performance  Liquid  Chromatography,"  Final 
Report,  from  Battelle  Columbus  Laboratories,  Columbus,  Ohio,  submitted  to 
the  U.S.  Army  Research  and  Development  Command,  Washington,  D.C.,  Contract 
No.  DAMD-17-74-C-4123,  31  Jan  1977. 

13  Schaffer,  C.  L.,  "Analysis  of  TATB  by  HPLC,"  Mason  &  Hanger-SIlas  Mason  Co., 
Inc.,  Pantex  Plant,  MHSMP-78-65,  1978. 

^  Krull ,  I.  S.  and  Camp,  M.  J.,  American  Laboratory.  May  1980,  pp.  63-73. 
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EXPERIMENTAL 

MATERIALS  AND  SOLUTIONS.  Most  of  the  explosive  compounds  used  in  this 
Investigation  are  not  commercially  available  and  were  therefore  synthesized  in 
the  Synthesis  and  Formulations  Branch.  The  exceptions  were  PYX  and  DIPAM  which 
were  obtained  from  Los  Alamos  National  Laboratory  (LANL)  and  from  Northrop 
Carolina  Co.,  Inc.  respectively. 

The  solubility15  of  the  less  soluble  compounds  such  as  TATB,  HNS,  DODECA, 
NONA,  PYX,  TPT,  and  HMX  was  quantitatively  determined  In  methanol,  dimethyl- 
sulfoxide,  dimethyl formamlde,  and  n-methyl pyrrol  1  done.  Although  the  dimethyl- 
formamlde  and  n-methyl pyrrol  1  done  proved  to  have  a  greater  solvent  capacity  for 
several  of  the  explosive  materials  (TATB,  HMX,  and  TPT),  all  o:  compounds 

had  sufficient  solubility  In  OMSO  at  ambient  temperature  so  >  at  HPLC,  NMR, 
and  TLC  data  could  be  accurately  obtained  with  this  solvent.  An  HPLC  trace  of 
several  neat  DMSO  samples  Indicated  the  presence  of  two  small  Impurity  peaks 
with  a  retention  time  of  approximately  3. 0-3. 2  minutes  (methanol:  water,  70:30) 
which  could  have  Interfered  with  the  peak  height  calculations  of  several  of  the 
explosives  at  the  low  concentration  limits.  Therefore  all  the  DMSO  used  in 
this  study  was  passed  through  a  column  of  activated  charcoal  which  removed  over 
95X  of  the  impurities, 

CALCULATIONS.  The  concentration  of  each  explosive  material  was  initially 
determined  by'  peak  area  as  well  as  peak  height.  Using  the  RCSS  unit,  the 
percentage  accuracy  of  the  area  method  was  found  to  be  equivalent  to  that  of 
the  peak  height  method,  therefore  for  simplicity  reasons,  the  latter  method  was 
used  for  all  the  analyses. 

HPLC  CONDITIONS.  A  high-performance  liquid  chromatograph  (Waters  Associates 
Model  ALC  202)  equipped  with  a  254  nm  wavelength  detector,  a  solvent  delivery 
system  (Model  6000),  and  a  U6K  high  pressure  loop  Injector  was  used  with  a 
Model  RCM-100  module  containing  a  reverse-phase  C-18  Radial-Pak  cartridge.  Sample 
solutions  were  eluted  Isocratlcally  at  ambient  temperature.  Column  flow  was 
2.0  ml/minute,  with  a  mobile  phase  consisting  of  the  following  mixtures  of  HPLC 
grade  methanol  and  distilled  water:  40:60  (v/v),  50:50  (v/v),  and  70:30  (v/v). 

The  solvent  mixtures  were  not  degassed  prior  to  use  In  the  HPLC  and  sample 
Injections  of  2  to  10  microliters  were  used. 

NMR  CONDITIONS.  Proton  NMR  spectra  were  obtained  on  a  Varlan  XL-200 
spectrometer.  The  chemical  shift  values  (6)  were  determined  relative  to  the 
reference  compound  tetramethyl silane  (TMS).  The  NMR  solvent  used  was  dlmethyl- 
sulfoxlde-dfi  (99.5  atom  %  D),  since  it  proved  to  be  the  best  general  solvent  for 
all  twenty- four  compounds  investigated. 


15  Sltzmann,  M.  E.,  Fotl,  S.  and  Mlsener,  C.  C.,  "Solubilities  of  High  Exploslves- 
Removal  of  High  Explosive  Fillers  from  Munitions  by  Chemical  Dissolution," 
NOLTR  73-186,  21  Nov  1973. 
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TLC  CONDITIONS.  Thin  layer  chromatographic  analyses  of  all  the  compounds 
reported  used  benzene  as  the  developing  solvent.  In  several  cases  where  the 
samples  did  not  chromatograph  (e.g.  HMX,  PETN,  TATB,  TNN)  methanol  was  also 
tried  as  the  developing  solvent. 

The  adsorbent  used  was  Merck  Silica  Gel  HF-254  coated  on  glass  plates.  A 
short  wave  UV  lamp  (2537A)  was  used  for  spot  visualization. 

*  'i 

RESULTS  AND  DISCUSSION  \ 

For  the  quantitative  analysis  of  the  explosive  compounds  by  HPLC,  DMSO 
solutions  were  used.  Figure  I  shows  the  separation  of  a  fourteen  component 
synthetic  mixture.  Ten  of  the  materials  RDX,  TATB,  TNB,  DATS,  TETRYL,  TNN,  TNT, 

DNT,  HNS,  and  DIPAM  are  completely  resolved,  two  components  HMX  and  PYX  are 
partially  resolved,  and  only  TPT  and  HNB1B  remain  unresolved.  Another  HPLC 
chromatogram  of  a  four  component  synthetic  mixture  containing  three  of  the 
1mpur1t1es9-11.16  (TNB,  TNT,  HNB1B)  found  In  several  production  grade  samples 
of  HNS- I  Is  shown  In  Figure  2.  The  average  retention  time  (minutes),  average 
response  factor  (mm/mg),  solution  concentration  (Molar),  and  approximate  limit 
of  detection  (micrograms /ml )  for  all  the  explosive  compounds  studied  are  given 
In  Tables  1,  2  and  3.  From  the  peak  height  responses  reported  In  Tables  1,  2 
and  3,  the  detection  limit  for  all  the  materials  was  calculated  to  be  15  mm  on 
scale  0.005  absorbance  units  full  scale  (3xlO"^AUFS) .  This  limit  was, set 
assuming  a  signal  to  noise  ratio  of  5. 

The  !h  NMR  spectra  of  all  the  compounds  were  determined  using  DMSO-dg  as 
the  solvent.  Deuterated  benzene  (CgDg)  was  also  used  as  a  sample  solvent  since 
peak  overlap  In  the  case  of  DATB,  and  H-H)  exchange  of  the  OH  In  PA  was  noted  In 
the  DMSO.  The  pulse  sequence  was  repeated  four  times  and  the  signals  time- 
averaged  for  all  the  compounds  with  the  exception  of  TATB.  In  the  case  of  TATB, 
the  pulse  sequence  was  repeated  5000  times,  because  of  the  low  solubility,  and 
the  resulting  slqnals  time-averaged.  The  NMR  data  are  reported  In  Table  4. 

Tor  the  thin  layer  chromatographic  analyses  the  glass  plates  were  prepared 
according  to  the  method  of  Hoffsommerl?  using  Merck  Silica  Gel  HF  254  as  the 
adsorbent.  This  material  contains  a  flourescent  indicator  which  allows  location 
of  the  developed  spots  with  2540A  light.  The  developing  solvents  used  were 
benzene  and  methanol  Rf  values  were  obtained  for  all  the  explosive  compounds 
with  the  exception  of  HMX,  TATB,  PETN  and  TNN.  The  data  are  recorded  In  Table  5. 

The  melting  points  of  most  of  the  explosive  compounds  of  this  Investigation 
were  determined  with  a  Thomas  Hoover  Capillary  Melting  Point  Apparatus,  with  a 
heating  rate  of  approximately  2°/m1nute,  All  temperatures  measured  are  uncorrected. 

In  addition,  melting  point  data  from  the  literature  are  cited.  The  melting  points 

are  listed  in  Table  6.  , 


16  Stull,  T.  W.,  "Synthesis  of  High  Purity  Hexanitros til  bene,"  Mason  &  Hanger- 
Sllas  Mason  Co.,  Inc.,  Pantex  Plant,  MHSMP-75-37,  Sep  1975. 

^  Hoffsonmer,  0.  C.  and  McCullough,  0.  F.,  J.  Chroma tog.,  Vol.  38,  1968,  p.508. 
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TABLE  1  HPLC  DATA  OF  EXPLOSIVE  COMPOUNDS 


COMPOUND 

AVERAGE 
RETENTION  TIME 
(minutes) 

AVERAGE 
RESPONSE  FACTOR 
(peak  height  mm/mg) 

DMSO  SOLN  CONC 
(moles/liter) 

APPROX  LIMIT  OF 
DETECTION® 
(mlcrograms/ml;  ppm) 

DMSO 

1.8 

_ 

— 

— 

HMX 

2.8 

- 

- 

- 

PETN 

21.2 

4.5  x  103 

10'2  .  IQ'3 

3332 

PYX 

9.8 

1.1  x  10® 

10'4-  10'6 

13.4 

RDX 

6.8 

- 

- 

- 

TATB 

7.4 

- 

- 

- 

TPT 

80.0 

1.7  x  10® 

10'4-  10'B 

87.5 

CONDITIONS: 

Isocratio  elution 
Detector  wavelength,  254  nm 

Column:  Rediai-PAK  A  with  the  RCM-100  Radial  Compratilon  Module 

Flowrate:  2.0 ml/mlnuta 

Mobile  phaie:  40%  MeOH/80%  HjO  by  volume 

Chart  speed :  0.5  om/mlnuta 

a  From  the  peak  height  responses  given,  the  detection  limit  for  all  the  explosive  compounds  was 
calculated  to  be  IB  mm  on  scale  0.006  absorbanoa  units  full  saale  (3  x  10'*  AUFS).  This  limit 
was  sat  aaaumlng  a  signal/noiie  ratio  of  0. 
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TABLE  2  HPLC  DATA  OF  EXPLOSIVE  COMPOUNDS 


COMPOUND 

AVERAGE 
RETENTION  TIME 
(minutes) 

AVERAGE 
RESPONSE  FACTOR 
(peak  height  mm/mg) 

DMSO  SOLN  CONC 
(moles/llter) 

APPROX  LIMIT  OF 
DETECTION* 
(mlcrogramt/ml;  ppm) 

DATS 

6,5 

2.77  ±0.01  x  10® 

10-4- 10‘® 

6.4 

DINA 

4,1 

1,82  +  0.04  x  108 

10-4  -  10'® 

8.2 

DMSO 

1.6 

- 

- 

DIPAM 

16.1 

1.65  x  10® 

10'4  -  10® 

9,7 

DNT 

11.6 

4.37  x  10® 

10'4  -  10® 

3.4  " 

HNAB 

9.2 

9.6  +0.06x10® 

10'4  - 10  ® 

M  16 

HNBIB 

22.8 

2,41  x  10® 

10'4- 10'® 

9.9 

HNS 

14.2 

2,31  x  10® 

10'4-  10'® 

6.6 

HMX 

2.0 

4,77  x  10® 

10'4-  10'® 

3.1 

PA 

0.8 

8.98  + 0,05  x  107 

10'4-  10'® 

0.2 

PETN 

12.0 

1.31  +  0.03  x  104 

10'2 . 10'® 

1236 

PYX 

2.1 

4.04+  0.06  x  10® 

10'4  -  10'® 

3.7 

RDX 

3.4 

4.36  +  0,04  x  10® 

CD 

b 

b 

3.6 

TATB 

4.0 

3.62  +  0.04  x  10® 

p 

01 

p 

-N» 

4.1 

TETRYL 

6.8 

4.42  x  10® 

10'4-10'® 

3.4 

TNA 

6.8 

2.6  +  0.04  X  10® 

10'4  - 10'® 

6.8 

TNB 

6,3 

4.97  x  10® 

10'4  - 10'7 

3.0 

TNN 

7.0 

2.12  +  0.08  x  10® 

10-3.10'® 

7.3 

TNT 

7.8 

4.74  x  10® 

10'4- 10® 

3.1 

TPT 

22.9 

1.32  +  0.01  x  10® 

10'4- 10® 

11.4 

CONDITIONS: 

liocratlc  elution 
Detector  wavelength,  264  nm 

Column:  Redial-PAK  A  with  the  RCM-100  Radial  Comprenlon  Module 

Flow  rate:  2,0  ml/mlnutc 

Mobile  phase:  60%  MeOH/50%  H2O  by  volume 

Chart  ipeed:  0.6  cm/mlnute 

! 

a  From  the  peak  height  raiponiet  given,  the  detection  limit  for  all  the  explosive  compounds  was 
calculated  to  be  15  mm  on  scale  0.005  absorbance  units  full  scale  (3  x  10'4  AUFS).  This  limit 
was  set  assuming  a  signal/noise  ratio  of  5. 
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TABLE  3  HPLC  DATA  OF  EXPLOSIVE  COMPOUNDS 


COMPOUND 

AVERAGE 
RETENTION  TIME 
(minutes) 

AVERAGE 
RESPONSE  FACTOR 
(paak  haight  mm/mg) 

DMSO  SOLN  CONC 
(molas/lltar) 

APPROX  LIMIT  OF 
DETECTION* 
(miorograms/ml;  ppm) 

DIPAM 

3.3 

7,36  +  0.06  x  10° 

10'4- 10® 

2.0 

DMSO 

1.8 

- 

- 

- 

DNT 

3.7 

1.10  x  107 

CD 

O 

b 

1.3 

DODECA 

8.7 

4.81  +  0.03  x  10® 

o 

ID 

b 

3.1 

HNBIB 

3.0 

0.72  +  0.03  x  108 

10‘4-  10-® 

1.0 

HNBP 

3.6 

1.14  ±  0.02  x  107 

10’4-  13'7 

1.3 

HNS 

2.0 

9.71  +  0,03  x  10® 

10‘4-  10‘6 

2.1 

NONA 

4.7 

8.03  +  0,06  x  10B 

10’4  - 10‘6 

1.0 

ONT 

8.3 

7.66  +  0.04  x  10® 

1C’4  -  io-6 

2.0 

PETN 

3.3 

6,37  x  104 

10-2. 10‘3 

1009 

TNN 

2.3 

6.32  +  0.01  x  106 

10‘4  ■  10-B 

2.4 

TNS 

6.2 

6.48  +  0.04  x  10® 

10'4  -  108 

2.7 

TNT 

2.0 

1.07  x  107 

10’4  -  i0’6 

1.4 

TPT 

3.1 

7.86  ±  0.07  x  10® 

104  -  10'7 

1.9 

CONDiTIONS: 

Isocratlc  elution 
D*t»ctor  wavetangth,  254  nm 

Column:  Radial-PAK  A  with  the  RCM-100  Radial  Compression  Modula 

Flow  rata:  2.0  ml/mlnute 

Mobil#  phai«:  70%  MaOH/30%  HzO  by  volume 

Chart  speed:  O.Bcm/minuta 

a  FrJM  tha  paak  haight  rrpontes  givan,  tha  datactlon  limit  (or  all  tha  explosive  compound#  was 
calculatad  to  bj  15  mm  on  icala  0.005  absorbance  unit#  full  scale  (3  x  10'*  AUFS).  This  limit 
was  eat  assuming  a  slgnai/nolsa  ratio  of  5. 
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TABLE  4  H1  •  NMR  DATA  OF  EXPLOSIVE  COMPOUNDS 


COMPOUND 

SOI  VENT* 

NMR  SPECTRUM 

8 

OATS 

DMSO-Ds 

9.10  It,  Ar-H) 
9,10(1,  ZNH2) 

DATS 

BENZEN’  D6 

8.91  (e,  Ar-H) 
8,61  (i,  2NHj) 

DINA 

DMSO-De 

4.76  (t,  2CH2) 
4.17  It.  2CHZ) 

DIPAM 

9.06  (i,  2 Ar-H) 
8.68  (l,  2NHj) 

ONT 

8.88  Id,  Ar-H) 
8,42  (q,  Ar-H) 
7,87  (d,  Ar-H) 
2,62  It,  CHj) 

DODECA 

9,39  (l,  2Ar-H) 
9.24  It,  2 Ar-H ) 
9,20  (i,  2Ar-H) 

HNAB 

” 

10,19(1,  4 Ar-H) 

HNBIB 

'* 

9,08  (i,  4  Ar-H) 
3,39  (i,  2CHj) 

HNBP 

II 

9.27  (t,  4 Ar-H) 

HNS 

** 

9.07  It,  4Ar-H) 
7.11  (I.2CH) 

HMX 

•  i 

6.66  (i,  SR-H) 

NONA 

II 

9.26  (i,  SAr-H) 

CNT 

" 

9.28  (l,  6Ar-H) 

PA 

" 

8.86  (i,  2 Ar-H) 

PA 

BENZENE-D* 

8.07  (e.  2Ar-H) 
11.00  (i,  OH) 

PETN 

DM80De 

4.66  (l,  4CH2) 

PYX 

8,86  tl,  BAr-H) 
9.10  |i.  2NH) 

RDX 

6.06  (i,  6H-H) 

TATB 

«e 

10.00  (i,  3NH2)° 

TETRYL 

n 

9.28  (i,  2Ar-H) 
3,63  It,  CH3) 

TNA 

9.04  (i,  2Ar-H) 
8.98  (i,  NH2) 

TNB 

9,13(i,  3Ar-H) 

TNN 

" 

8.80  (i,  4R-H) 

TNS 

9.14|i,  2 Ar-H  1 
8,08  (d,  Ar-HI 
7,86  (d,  2Ar-H) 
7.68  (m,  Ar-H) 
7,64  (d,  CH) 

7,09  (d,  CHI 

TNT 

8,98  (i,  ZAr-H) 
2.82  (i,  CHj) 

TPT 

” 

9.23  (t,  6Ar-H) 

DMSO-Dj  Intel) 

2.48  (m.  2CHj) 

BENZENE  Dg  (nett) 

7.18(i,  6Ar-H) 

i  The  eohrente uwd  war*:  lament  C6Dg  ■  99,6  etom  X  D;  dlmethylwlloxlde  DMSO-Dg  •  99.8 •tom  X  D. 

A  weter  peak  8  3.30  <1.  2H)  Ml  noted  In  the  DMSO  lemptei, 
b  i  •  ilngtet,  d  ■  doublet,  t  ■  triplet,  q  *  quertet,  m  -  multiple!,  Ar  ■  eremitic,  R  -  ring  protom.  Chemical 
ahlltt  ere  In  8 unite  downtleld  Irom  Intemil  TM8  with  line  multiplicity  end  reletlve  Intenelty  In  perentheeee. 
Spectre  wen  determined  on  e  Verlen  Xl-200  Spectrometer.  The  pulie  eequence  wee  npettad  4  tlmei 
end  the  etgnclt  time- ever  aged 

c  the  TATB  pulee  eequence  wet  repeated  WOO  timet,  end  the  retultlng  elpieli  tlme-evereged, 

10 
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TABLE  5  TLC  DATA  OF  EXPLOSIVE  COMPOUNDS 


COMPOUND 

Rf8 

SOLVENT 

DATS 

0.32 

CgHg 

DINA 

0.38 

*1 

DIPAM 

0.20 

*1 

DNT 

0.78 

it 

DODECA 

0.83° 

ti 

HNAB 

0.67 

ii 

HNBIB 

0.58 

n 

HNBP 

0.76 

it 

HNS 

0.38 

it 

HMX 

0.00 

ii 

HMX 

0.00 

MeOH 

NONA 

0.89° 

CeH6 

ONT 

0.14° 

41 

PA 

0.09° 

44 

PA 

0.96 

MeOH 

PETN 

0.00 

ceH6 

PETN 

0.00 

MeOH 

PYX 

0.00 

c6H6 

PYX 

0.96c 

MeOH 

RDX 

0.17 

c6hb 

TATB 

0.00 

41 

TATB 

0.00 

MeOH 

TETRYL 

0.52 

ceH8 

TNA 

0.43 

44 

TNB 

0.75 

11 

TNN 

0.00 

44 

TNN 

0.00 

MeOH 

TNS 

0.62 

co«e 

TNT 

0.86 

44 

TPT 

0.40 

41 

O 

a  Rf  taken  from  laadlng  adga  of  spot.  A  short  wave  U  V  lamp  {2537  A)  was  mod 
for  spot  visualization.  The  adsorbent  usad  was  Merck  Silica  Oel  HP-254  coated 
on  glass  plates. 

b  The  solvents  used  were:  benzene  (CBHB)  and  methanol  (MeOH). 
c  Streaking  or  tailing  to  origin. 
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TABLE  0  MELTING  POINT  DATA  OF  EXPLOSIVE  COMPOUNDS 
COMPOUND  MELTING  POINT  (°CI 


OATB 

287*.  29018,  28619 

DINA 

62* 

DIPAM 

306  dec*,  30419 

DNT 

71.5*,  7118 

DODECA 

>  42B* 

HNAB 

220-22120 

HNB1B 

218*  218-22021 

HNBP 

239.3-240.8* 

HNS-I 

318  dao* 

HNS- II 

318  dao* 

HMX 

280  dec*.  27318 

NONA 

44019 

ONT 

V 

>> 

8 

PA 

121,8-122.4* 

PETN 

141, 320 

PYX 

3807 

RDX 

204  dao*,  20420 

TATB 

>  370*,  >  380 18  ~  480  dec19 

TETRYL 

130  Jao*-18, 128.620 

TNA 

IBS*'20 

TNB 

121*  121.320 

TNN 

4B019 

TNS 

180-181* 

TNT 

80,7*,  80, B20 

TPT 

3527,  3B2-38319'22,  34B-3B123 

•  Malting  point*  determined  on  •  Thomas  Hoovar  Capillary  Malting  Point  Apparatus,  using  a 
haatlng  rata  o<  spproximataty  2°/mlnuta.  All  meaaured  tamparaturas  art  unoorreeted, 

18  Headquarters,  U.S.  Army  Material  Command,  Engineering  Design  Handbook, 

AMCP  706-177. 

19  Shipp,  K.  G.,  ed.,  "Properties  of  Selected  Thermally  Stable  Explosives," 
NOLTR  70-95,  May  1970. 

20  Bennett,  ed.,  Chemical  &  Technical  Dictionary,  3rd  ed.,  (New  York,  New  York: 
Chemical  Publishing  Co,,  Inc.,  1974. 

21  Shipp,  K.  G.  and  Kaplan,  L.  A.,  J.  Org.  Chem,,  Vol.  31,  1966,  p.  857. 

22  Oacons,  J.  C.  and  Sltzmann,  M.  E.,  J,  Heterocyclic  Chem..  Vol.  14,  1977, 
p.  1151. 

23  Oacons,  J.  C.,  "2,4,6-Trlplcryl-s-Trlazlne,  TPT;  Crystallization  and  Crystal 
Density  Determination,"  NSWC/WOL/TR  76-16,  Mar  1976. 
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NOTE:  X-N02 


GLOSSARY 


COMPOUND 

STRUCTURE 

CODE 

1.3-DIAMINO-2, 4, 8-TRINITROBENZENE 

X^3NH2 

nh2  X 

DATB 

DIOXYETHYLNITRAMINE  DINITRATE 

CHj-CH2-OX 

N~X 

^CHj-CHg-OX 

DINA 

DIPICRAMIDE 

X  X  NH- 

xQ-Qx 

NH2  X  X 

DIPAM 

2,4-DINITROTOLUENE 

-O-c, 

X 

DNT 

X  X 

x  * 
xQ^x 

2,2,,2",2'",4,4\4'',4’",0,6'(8",6,"-DODECANITROQUATERPHENYL  X  X 

DODECA 

2,2',4,4‘,0,6'HEXANITROAZOBENZENE 

*o — o* 

X  X 

HNAB 

2,2*,4,4’,0(0'-HEXANITROBIBENZYL, 

DIPICRYLETHANE 

X 

n 

IOI 

1 

IOI 

x6~ 

X 

HNBIB 

15 
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GLOSSARY 


COMPOUND 

STRUCTURE 

CODE 

2,2',4.4,.e,8'H6XANITROBIPHENYL 

*o-c> 

X  X 

HNBP 

2,2',4,4’,8,8’<HEXANITROSTILBENE 

ox 

ii 

xo 

*6* 

X 

HNS 

1,3,B,7*TETRANITRO*1,3,5,7*TETRA- 

XN-^NX 
<  ) 

AZACYCLOOCTANE 

XN^^NX 

HMX 

2,2',2",4,4',4",5,B,,C"*NONANITROTERPHENYL 

NONA 

2,2',4l4',4")6,6',6'r*QCTANITRO-m-TERPHENYL 

X 

xl^Jx 

x^x 

X 

ONT 

2,4,6-TRINITROPHENOL,  PICRIC  ACID 

OH 

xOx 

X 

PA 

PENTAERYTHRITOLTETRANITRATE 

X 

0 

CHg 

XOHjC—  C—CHjOX 

EH* 

X 

PETN 
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GLOSSARY 


COMPOUND 

STRUCTURE 

CODE 

2,e-BIS(PICRYLAMINO)-3,B-DINITROPYRIDINE 

-drCtj-b- 

X  X 

PYX 

XN‘"'SNX 

1,3,5-TRINITRO-1,3,6-TRIAZACYCLOHEXANE  ^  J 

CYCLO-1,3,frTRIMETHYLENE-2,4,B-TRINITRAMINE,  N 

CYCLONITE  X 

RDX 

1, 3,  B-TRIAMINO-  2,4,S-TRINITP025NZENE 

-.dl- 

NHe 

TATB 

2,4,5-TRINITROPHENYLMETHYLNITRAMINE 

xO~ "~ch> 

X 

TETRYL 

2,4,5-TRINITROANILINE,  PICRAMIDE 

o* 

X 

TNA 

1,3,5-TRINITROBENZENE 

<5 

X 

TNB 

X  X 

CO 

X  X 

1,4,6,6-TETRANITRONAPHTHALENE 

INN 

2,4,6,2'-TETRANITR08TI  LBENE 

d-h-b* 

X 

TN8 
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